ABSTRACT. We studied the effects of colchicine on the intracellular transport of secretory proteins in rat liver parenchymal cells using the direct immunoenzyme technique. Livers were perfusion-fixed 0.5, 1, and 2 h after injection of colchicine. Vibratome sections of the fixed liver were stained using peroxidase-conjugated Fab' of anti-albumin or anti-fibrinogen. By light microscopy, reaction deposits showing albumin and fibrinogen were observed in the cytoplasmic granules of hepatocytes. Such stained granules decreased 30 min after injection, but later increased gradually and crowded in the cytoplasm. The Golgi complex stained for the proteins decreased after 30 min but increased in the juxtanuclear region after 60 min. The analysis of serial sections showed that colchicine severely disturbed the spatial relationship between the Golgi apparatus and the bile canaliculus. We obtained similar results by electron microscopy; a positive reaction for albumin and fibrinogen was observed in a small number of the cytoplasmic granules after 30 min. After 1 h of treatment, most of the Golgi complexes were fragmented and lost their stacked cisternae. However, they reappeared accompanied with vacuolated cisternae and secretory granules, which were partially stained for albumin and fibrinogen. After 2 h, the secretory granules positive for both proteins accumulated further. Some of them lined a long the plasma membrane, and others made a cluster in the cytoplasm. The profiles showing exocytosis were very rarely seen. These results showed that in the first 30 min, colchicine primarily disturbs partially the Golgi assembly but does not affect the post Golgi secretory pathway much. Later, the drug affects both the post Golgi pathway and the Golgi assembly, and it causes a marked accumulation of secretory granules.
It is well established that the secretory proteins are synthesized on membranebound polyribosomes and segregated vectorically into the lumen of the endoplasmic reticulum (ER). The proteins are then transported to the Golgi complex, where the newly synthesized proteins are packaged into the secretory granules (9, 17) . The liver produces most of the plasma proteins. They are transported in the same way and finally secreted into the Disse space (7, 8, 21, 22 ).
An anti-microtubular agent, colchicine, has been shown to inhibit the release of secretory proteins (5, 12, 15, 16, 18, 24, 26, 27, 28) . Since the Golgi apparatus suffers severe structural damage after colchicine treatment, it has been thought that the post Golgi transport is disturbed rather than the pre Golgi transport (3, 12, 16, 24) . In the liver, colchicine virtually inhibits the secretion of albumin and other plasma proteins, and consequently causes the accumulation of the cytoplasmic granules containing lipoprotein particles in the hepatocytes (15, 22, 25) . However, it has yet to be demonstrated immunocytochemically whether or not these accumulated granules contain albumin and other plasma proteins. Previously, we have reported in detail the immunocytochemical localization of albumin in the secretory appratus of rat liver (33, 34) . In this study, we investigate the effect of colchicine on the localization of albumin and fibrinogen in rat hepatocytes using immunoenzyme techniques. trans Golgi region persisted in part. In such Golgi apparatus, a reaction product for albumin was present in some stacked cisternae and the tubulo-vesicular network, but not in the vacuolated cisternae (Fig. 4A) . Many of the secretory granules were located along the sinusoidal front, but a few were observed along the lateral membrane, most of which were stained for albumin (Fig. 4B) . After 1 h of treatment, the disintegration of the Golgi complex was more severe. They were fragmented and the stacked cisternae were no longer discernible (Fig. 5A, B) . Albumin was detected in some vacuolated cisternae (Fig. 5A, B) . Some attenuated cisternae containing albumin wrapped the cisterna, which was negative for albumin but contained liopoprotein particles (Fig. 5A) . Albumin was detected in the citernae of rER which were somewhat dilated (Fig. 5B, C) . In the cytoplasm, many secretory granules were noted (Fig. 5C ). Most of them were stained for albumin, but a few contained lipoprotein particles instead of albumin. Some large granules contained albuminpositive smaller granules ( fig. 5C ). After 2 h of treatment, some Golgi complexes recovered in part their stacked cisternae. However, most of them were still fragmented and vacuolated (Fig. 6A, B) . Small dilated smooth vesicles were observed around the Golgi apparatus; they were mostly negative for albumin and contained no lipoprotein particles (Fig. 6A, B) . The secretory granules positive for albumin further increased in number and were dispersed throughout the cytoplasm (Fig.  6C) . The localization pattern of fibrinogen was similar to that of albumin. In the hepatocytes of untreated rats, fibrinogen was detected mainly in the Golgi cisternae, vesicles, and vacuoles (secretory granules) (Fig. 7A) . Little or no fibrinogen was detected in the rER. This suggests that, in a normal state, the concentration of fibrinogen in the secretory apparatus is at a considerably low level. At 30 min after injection of colchicine, fibrinogen and lipoprotein particles co-existed in the Golgi cisternae, which were partially dilated and fragmented to form vesicles (Fig. 7B) . Furthermore, small segments of the rER were stained (Fig. 7B) . After 1 h, the disintegration of the Golgi complex progressed and fibrinogen was detected in the large secretory granules (Fig. 7C) . After 2 h, the secretory granules containing fibrinogen accumulated (Fig. 8A) . At 1-2 h after injection, some secretory granules lined up in the cytoplasm beneath the sinusoidal surface (Fig. 8B) .
In the immunocytochemical control groups which were incubated with nonspecific Fab' labeled with HRP, no reaction deposits were noted in the secretory apparatus described above (data not shown alterations in plasma membrane (13) . Colchicine treatment does not disturb the conversion of proalbumin to serum albumin (10, 15, 25) . Therefore, the inhibition of secretion by colchicine could be separate from the processing of secretory proteins. In previous studies (33, 34), we have shown that albumin and lipoprotein particles are transported separately by the transport vesicles from the ER to the Golgi apparatus. In the Golgi complex, where both proteins are mixed into the seccretory grannule. The transport of the proteins from the ER to the Golgi apparatus after colchicine treatment seemed to run normally, but the formation of the secretory granules was abunormal. Frequently, the secretory granules fused with each other or they were wrapped with the cisterna containing reaction deposits (Fig. 5A, B) . These were not seen in the hepatocytes of untreated rat.
In conclusion, at the early stage of colchicine treatment, the Golgi assembly is partially disturbed but the post Golgi secretory pathway is not so much affected. Later, the drug affects the post Golgi pathway as well as Golgi assembly, such that the secretory granules accumulate markedly. The drug does not disturb the transport between the ER and the Golgi appratus but inhibits it between the Golgi apparatus and the plasma membrane on the sinusoidal side. Furthermore, colchicine treatment severely disturbs the spatial relationship between the Golgi apparatus and the bile canaliculus.
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